Over the last decades there have been several publications of anatomical and neurological 28 textbooks, which include descriptions about the dogs' brain. However, the terminology used is 29 inconsistent, partly due to individual differences in neocortical gyration and partly due to the 30 common practice of adapting terms from human and murine anatomy. In order to identify such 31 incongruences, in Study 1, we reviewed the existing literature and identified the common terms 32 used as well as any discrepancies between textbooks. Three main forms of inconsistencies were 33 found; a) the use of terms that are not included in the Nomina Anatomica Veterinaria (NAV), 34 b) the inclusion of structures that are listed as not canine-specific, and c) the use of similar 35 names to identify potentially different anatomical structures. To address these issues, in Study 36 2 we investigated the consistency in appearance of the cerebral sulci, performing a 37 macroscopical examination on 79 canine brains obtained through the Canine Brain and Tissue 38 Bank (CBTB). We then evaluated whether sulci on the frontal regions of brachycephalic breeds 39 differed from those of mesocephalic and dolichocephalic groups, as frontal and olfactory 40 regions are subjected to the most extreme modifications following the shortening of the skull.
This section includes findings relative to fissures and sulci. 152 Incongruences emerged in the names used to identify certain structures. Specifically, 153 different names were used to describe the Fissura pseudosylvia, i.e. Fissura sylvii or Sulcus 154 pseudosylvius [44] , Sulcus sylvius [6, 40] and both Sulcus sylvii and Sulcus pseudosylvius [15] . 155 The Sulcus corporis callosi was named Sulcus callosus in three textbooks [8, 42, 43] . 156 Additionally, in some textbooks, the suffix "lateralis" was used instead of "marginalis": this 157 resulted in systematic incongruences, such as the use of Sulcus ectolateralis instead of Sulcus 158 ectomarginalis [6, 15] , Sulcus entolateralis instead of Sulcus endomarginalis [15] , and Sulcus 159 lateralis instead of Sulcus marginalis [6, 15] . Furthermore, the Sulcus rhinalis was referred to 160 as Fissura rhinalis [6, 44] , and the Sulcus suprasplenialis as Sulcus ectosplenialis [39] . Finally, 161 some textbooks used the more human-related nomenclature based on anterior-posterior terms 162 in place of rostralis-caudalis [6, 15] . 163 We identified terms that were commonly used in the textbooks and were not present in 164 the NAV; these were the Sulcus ectogenualis [8, 13, 15, 38, 42, 44] and the Sulcus ectosylvius 165 medius [6, 15, 38, 42] . Furthermore, we observed a category of sulci that seldom occurred in 166 certain textbooks. These are for example the Sulcus rostralis, Sulcus posticus, Sulcus 167 occipitalis inferior, Sulcus lateromedialis superior, Sulcus lateromedialis inferior and Sulcus 168 transsecans [15] . In one textbook, the rostral part of the Sulcus splenialis, just before the Sulcus 169 cruciatus, was named Sulcus cinguli [38] . A groove rostral to the Lamina terminalis was 170 mentioned as Sulcus parolfactorius [42] , and another between the Corpus callosum and the 171 Sulcus splenialis was referred to as Sulcus infrasplenialis [11] . Finally, a number of structures 172 identified by the NAV as specific to ungulates was used to describe specific structures in the 8 173 canine brain in some of the textbooks. Examples of this were the Sulcus calcarinus [13, 44] , 174 Sulcus diagonalis [15] , and the Sulcus proreus [12, 15, 38, 42] . 175 A different type of incongruence emerged regarding the identification of certain sulci. 176 We identified inconsistencies in relation to the localization of the Sulcus ansatus [46] . The 177 following alternatives were found: some described it as a medial continuation from the Sulcus 178 coronalis to the Sulcus marginalis [14, 15, 43] , or as a rostro-medial branch derived from the 179 junction of the Sulcus marginalis and the Sulcus coronalis [6, 12, 38, 42, 45] . The rostro-medial 180 branch was described in one book as Sulcus acominis [15] , which marks all the radial grooves 181 from the major sulci as impressions of vessels [46] The review of the literature showed various inconsistencies in terminologies. There 193 were three main forms of inconsistencies; a) the use of terms that were not included in the 194 NAV, b) the inclusion of structures that were listed as not canine-specific in the NAV, and c) 195 the use of similar names to identify potentially different anatomical structures. In order to 196 address these issues, we investigated a large number of dog brains to evaluate the occurrence 197 of the anatomical structures described in the various textbooks, as well as the NAV. Earlier studies determined that the anatomy of the canine brain varies between breed 203 types [47, 48] , as for example, in brachycephalic dogs, the rostral cranial fossa is shorter than 204 in dolichocephalic dogs and the ethmoidal fossa is less deep, thus the position of the frontal 205 lobe and the olfactory bulbs in brachycephalic breeds may differ from breeds with other skull 206 types [49] . There is also a difference between the frequency of occurrence of the known shape 207 variations among the sulci [50] . Therefore, we decided to perform an anatomical examination 208 of the sulci of a large sample of dog brains, with the aim to assess the consistency in the 209 identification of dog brain sulci. We hypothesized that a) the sulci would be more prevalent on 210 the outer (lateral) surface than on the inner (medial) surface (i.e. sulci located in the medial 211 brain areas would be more difficult to identify (as they are shallower)), and b) the sulci of the 212 frontal lobe of brachycephalic breeds would be less developed compared to other (longer 213 headed) breeds (i.e. the sulci in the frontal lobes of brachycephalic dogs would be more difficult 214 to identify compared to mesocephalic and dolichocephalic dogs).
215
All the specimens were obtained from the Canine Brain and Tissue Bank (CBTB) The brains were obtained from dogs after they had been euthanized for medical reasons 224 (that had no effect on the central nervous system gross morphology), and their bodies donated purposes prior to the current study; therefore, information about the sex, exact age, and breed 234 of the dogs could not always be obtained at the time of the brain anatomical assessment.
235
However, the dogs' head morphology group could be extrapolated from craniometrical data.
236
The sample consisted of 19 brachycephalic dogs (Skull index ± SD = 0.68 ± 0.07, min = 0.60, 237 max = 0.88), 47 mesocephalic (Skull index ± SD = 0.55 ± 0.03, min = 0.50, max = 0.61), and 238 13 dolichocephalic (Skull index ± SD = 0.47 ± 0.02, min = 0.43, max = 0.49). Before statistical analysis, a number of indices were calculated to classify dog types.
273
Skull length was defined as the distance between the inion and the prosthion, and the skull 274 width was defined as the distance between the widest points of the zygomatic arches (see The sulci were grouped in two ways for further analysis. Initially, we identified the 281 sulci located in the medial area of the brain and those located in the lateral area of the brain.
282
Scores of the sulci in the two groups were averaged and compared to assess the consistency in 283 the identification of sulci based on their location. The sulcus corporis callosi and the sulcus 284 hippocampi were not included in the analysis, because they were not visible without dissecting 285 the brain to seek for hidden deeper structures. We then looked at how certain sulci varied based 286 on the head type. As the rostral part of the brain is likely to vary the most in brachycephalic were not normally distributed, therefore the data were analysed using non-parametric tests. All 292 tests were two-tailed and the level of significance was set at 0.05. 
Results

295
The scoring revealed that 31% of the sulci could be identified in more than 90% of the 296 hemispheres and 33% of the sulci were identifiable in less than 10% of the hemispheres (Fig   13   297 2). As expected, the Fissura longitudinalis cerebri was identified in all hemispheres (as it 298 should separate the two hemispheres, and only in pathological conditions disappears, where 299 the two halves of the brain fuses), also the Sulcus rhinalis lateralis pars rostralis could be 300 identified in all dogs, while the Sulcus rostralis was missing in the majority of the dogs. In 301 order to avoid pseudoreplication, for each sulcus of each dog, a mean score was calculated for 302 the sulci from the left and right hemispheric scores, which was then used for further analysis. The first analysis we performed pertained to the relationship between brain areas and 309 appearance of the sulci. Specifically, we compared the scores of the sulci on the medial part of 310 the brain with those on the lateral part. For each dog, a cumulative score was calculated for the 311 medial area ("medial score" = mean score of all the sulci in the medial area) and for the lateral 312 area ("lateral score" = mean score for all the sulci in the lateral area). A Wilcoxon signed-rank 313 test revealed that the lateral score was significantly lower than the medial score (Mdn Lat = 1.66,
314
Mdn Med = 2.37, z = 7.72, p = 0.001, r = 0.61, Fig 3) , thus sulci in the lateral area are more 315 frequently recognizable. scores of each lateral and medial brain area (* = p < 0.05).
325
We then investigated the differences in the selected sulci, based on head type. Due to 326 shift in the olfactory bulb and the frontal lobe in brachycephalic breeds compared to other 327 (meso-and dolichocephalic) head types [49] , we expected that it could have an effect on the 328 appearance of the sulci at this region. Therefore, we compared the score of the most rostral 329 sulci (both individually and as a group) between brachycephalic dogs and other head types.
330
Mann-Whitney U tests revealed that there were no significant differences between 331 brachycephalic dogs and other head types in any of the individual sulci or the cumulative score 332 (Table 1) . Following the results of Study 1 and Study 2, we summarized the index of the canine 342 brain's main sulci for further discussion and future terminology guidelines. We based the index 343 on the terms that showed the highest consistency across the two modalities of analysis. Thus
344
in Table 2 we provide the terms that primarily according to the NAV's guidelines but also 345 broadening its spectrum we recommend be used for each identified sulci and compared them 346 to those that have been used in the past, according to the literature reviewed, so that it is possible 347 to identify the term of reference starting from any term used in the literature considered in this 348 work. (Fig4/19) . For the terms that had more than one alternative name based on the 363 literature, we recommend the use of the following terms (see also the sulci of the canine brain and the proposed terms. 6, 8, [11] [12] [13] [14] [15] [38] [39] [40] [42] [43] [44] [45] Fissura pseudosylvia [8, [11] [12] [13] [14] 38, 39, 42, 43, 45] Sulcus sylvius / [6, 8, [11] [12] [13] [14] [15] 38, 40, [42] [43] [44] [45] Sulcus corporis callosi [13] [14] [15] 38, 39, 44 Sulcus endomarginalis Sulcus endomarginalis [8, 11, 13, 14, 38, 42, 44, 45] [8, 11, 13, 14, 38, 42] Sulcus genualis (Fig4/42) Sulcus genualis [8, 11, [13] [14] [15] 38, 39, [42] [43] [44] [45] Sulcus hippocampi Sulcus hippocampi [11, [13] [14] [15] 38, 42] Sulcus marginalis [8, [11] [12] [13] [14] [38] [39] [40] [42] [43] [44] [45] Sulcus sagittalis [11, 14] Sulcus marginalis (Fig4/23) Sulcus lateralis [6, 15] Sulcus postcruciatus [8, 11, 12, 14, 15, 38, 42, 45 [6, 8, [11] [12] [13] [14] [15] 38, 39, [42] [43] [44] Sulcus proreus [12, 14, 15, 38, 42 Sulcus rhinalis lateralis pars rostralis [8, 11, 14, 38, 42, 43, 45] Fissura rhinalis lateralis [13, 44] Sulcus rhinalis lateralis [12, 13] Sulcus rhinalis [39, 40] Fissura rhinalis [6] Sulcus rhinalis lateralis pars caudalis [8, 11, 14, 38, 42, 43, 45] [8, 11, 13, 14, 38, 42] Sulcus splenialis (Fig4/37) Sulcus splenialis [6, 8, 11, [13] [14] [15] [38] [39] [40] [42] [43] [44] [45] Sulcus suprasplenialis [6, 8, 11, [13] [14] [15] 38, 39, 42, 44 [8, 12, 13, 39, 40, [43] [44] [45] Sulcus suprasylvius rostralis [11, 14, 38, 42] General discussion 392 We reviewed the commonly used terminology regarding the sulci of the canine brain in 393 order to assess the occurrence of possible inconsistencies. We often found several different 394 anatomical terms that refer to the same cortical structures, which can cause difficulties in 395 interpreting comparative studies.
Summary of the literature review
396
To our knowledge, this is the first publication to compare the anatomical description of .
411
In Study 2, we assessed the presence of the main sulci in a large sample of dogs and we 412 evaluated whether an individual structure was present, underdeveloped, missing or 413 unidentifiable. Using craniometric indexes, we compared whether sulci of brachycephalic 414 breeds differed from those of mesocephalic and dolichocephalic groups, based on the presence 415 of certain sulci on the frontal regions, as this part of the brain is supposed to be subjected to the 416 most extreme modifications following the shortening of the skull. The analysis showed no 417 difference across the skull length types regarding the occurrence of these sulci, although 418 furrows on the lateral side of the brain proved to be more stable than those on the medial side.
419
One limitation of the evaluation performed in Study 2, is that fixation in formalin ex situ can 420 cause flattening on the surface if the brain is not placed properly in the container, and surface 421 blood vessels can make impression on the cortex that appear similar to the original grooves.
422
While knowledge of basic topography may aid in differentiating in these cases, it was not 423 possible to exclude the chance that these types of events occurred. In future studies, the true 424 depth of the sulci would be assessed through T2-weighted MR imaging, where the Liquor 425 cerebrospinalis could clearly highlight the grooves. By making 3-dimensional models from the 426 MR images one could also interactively visualise not only the grooves but the gyri as well.
427
We have provided a thorough review of the current state of the terminology used to 428 describe the canine brain. Our summary and recommendations for appropriate terminology can 429 serve as a base for future canine brain atlases and medical terminology.
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